The Assessment of Spondyloarthritis International Society (ASAS) axial spondyloarthritis (axSpA) classification criteria marked a major step forward in SpA research, distinguishing axial from peripheral disease, and allowing earlier identification through MRI. This facilitated all aspects of research including epidemiology, therapeutics and patient outcomes.
INTRODUCTION
Spondyloarthritis (SpA) is a family of related diseases affecting the axial and peripheral skeleton. Ankylosing spondylitis, the prototypic form of SpA, is commonly diagnosed in the presence of definitive sacroiliitis on conventional x-rays. The modified New York Classification Criteria (mNYCC) for ankylosing spondylitis, which rely on radiographic changes and have been commonly used in research, were developed in 1984. The radiographic changes of sacroiliitis, however, are estimated to take 6-10 years to develop following symptom onset [1] . Moreover, although the degree of 'radiographic sacroiliitis' as seen on the plain x-rays is essential to classify a patient according to mNYCC, the reliability of this grading is poor, and training makes little impact on improving the reproducibility [2] . In the decades, because the mNYCC development, with increasing availability and utilization of MRI, it was recognized that MRI features of sacroiliitis preceded radiographic changes, allowing earlier identification of patients who would go on to develop ankylosing spondylitis. In 2003, the Food and Drug Administration (FDA) approval of tumor necrosis factor inhibitors (TNFi) for the treatment of ankylosing spondylitis indicated a paradigm shift in the management of ankylosing spondylitis. Around the same time, the dramatic efficacy of TNFi and other biologic therapies in treating rheumatoid arthritis had led to efforts to treat the disease early and aggressively. Rheumatologists wondered if treating ankylosing spondylitis early would improve patient outcomes, but diagnosing ankylosing spondylitis early and reliably was the main hurdle.
In 2009, the Assessment of SpondyloArthritis International Society (ASAS) published new criteria for classification of axial spondyloarthritis (axSpA). [3, 4] These criteria were developed beginning with expert review of paper cases of chronic back pain of unknown origin, whose detailed clinical information was duplicated both with and without information of SI joint MRI results (inflammation present versus absent) for a total of 142 cases. Candidate criteria sets were developed using clinical reasoning and considering combinations of any, up to 2, or up to 3 extra-spinal SpA manifestations. Two criteria sets were selected for further testing by their maximal sensitivity and specificity. ASAS members then contributed chronic back pain patients (onset <45 years) to a cohort study comprising 649 patients. In 40% of this sample, the candidate sets were further developed using various definitions of inflammatory back pain, and subsequently validated in the remaining 60% sample (Fig. 1) .
In addition to the goal of classifying persons with axSpA who had imaging findings of sacroiliitis, either on x-ray or MRI, the 2009 ASAS criteria also allow classification of those with solely clinical features of SpA. Thus, the ASAS axSpA criteria may be fulfilled by patients with chronic back pain (!3 months) with onset prior to age 45 years who have either: X-ray changes meeting the mNYCC or MRI findings of active sacroiliitis and one other clinical feature of SpA ('imaging arm') or HLA-B27 positivity in combination with at least two other clinical features of ('clinical arm'; Fig. 1 ). In 2011, ASAS also published criteria for peripheral SpA, which aided in differentiating axSpA as a distinct entity from peripheral SpA for further research [5] .
THE POSITIVE IMPACT OF THE ASSESSMENT OF SPONDYLOARTHRITIS INTERNATIONAL SOCIETY CLASSIFICATION CRITERIA
The ASAS axSpA classification criteria have been a huge step forward in our understanding of the spectrum of SpA, and have been widely adopted by the international rheumatology community [6] . The notion of dividing 'spondyloarthritis' in to axSpA and peripheral SpA as distinct phenotypes, and then dividing axSpA further in to ankylosing spondylitis and nonradiographic axSpA (nr-axSpA) has revolutionized our thinking of these conditions. The introduction of two new concepts, axSpA and nr-axSpA, has allowed identification of patients early in the course of their disease, before they can be classified as ankylosing spondylitis. The ability to identify patients who axSpA who lack radiographic changes (nr-axSpA) has led to a clearer understanding of the natural history and risk factors for axSpA, and greater appreciation for the burden of axSpA worldwide [7] . In addition, the use of MRI to identify patients with axSpA earlier in the disease course, prior to development of radiographic changes, has led to identification of more homogeneous
KEY POINTS
The Assessment of Spondyloarthritis International Society (ASAS) 2009 axial spondyloarthritis (axSpA) classification criteria have been a breakthrough in the rheumatology community, distinguishing axial from peripheral disease SpA, and allowing earlier identification of axSpA though use of MRI.
Following the broad implementation of the ASAS axSpA criteria, concerns have arisen regarding important clinical differences and specificities between the clinical and the imaging arms of the axSpA criteria, which have prognostic implications for radiographic progression.
The specificity of the 'positive MRI definition' considering bone marrow edema alone without structural changes is another cause for concern in populations where axSpA prevalence is lower than that in the original ASAS cohort, and in which misclassification would be more common.
Opportunities to improve upon the ASAS axSpA criteria include reconciling heterogeneity between the clinical and imaging arms, to incorporating weighting of axSpA features, and refining the MRI definition of sacroiliitis. populations for inclusion in research studies. These developments have led to advanced research into the possibility of prevention of disease progression, particularly through the development and testing of new medications in early stages of the disease.
PERFORMANCE OF THE ASSESSMENT OF SPONDYLOARTHRITIS INTERNATIONAL SOCIETY AXIAL SPONDYLOARTHRITIS CRITERIA
To assess performance of the axSpA criteria, ASAS previously established an international 25-center cohort study, which included 649 patients seeking evaluation for back pain with onset less than 45 years. Axial SpA was diagnosed in 60% of these patients. Estimates of the performance of these criteria vary according to the specific population assessed. When compared to the older ESSG and Amor criteria at the time of the original study, sensitivity of the ASAS axSpA criteria were similar, and specificity was greater (84 vs. 65-78%) [3] . Subsequently, a long-term follow-up study assessed the predictive validity of the axSpA criteria by reassessing the diagnosis of patients in the original ASAS axSpA criteria development cohort. Mean follow up was 4.4 years (range 1.9-6.8) for the 394 participants from the original cohort, and the gold standard against which ASAS axSpA criteria were compared was the rheumatologist's diagnosis (not necessarily the same clinician). The imaging and clinical arms of the axSpA criteria were considered both separately and in combination with resulting positive predictive values ranging from 86 to 96% [8] .
The ProSpA study assessed the performance of the ASAS criteria in a population of U.S. adults age 18 or older with chronic back pain with onset prior to age 45 [9] . With direct application of the ASAS criteria, 47% were classified as axSpA. The overall specificity of the ASAS criteria was 79%, somewhat lower than reported in more 'selected' referral populations, which was thought to be related to a relatively lower prevalence of males and HLA-B27 positive individuals in the ProSpA study than in previous studies.
A recent meta-analysis assessed the performance of the ASAS axSpA classification criteria in seven observational cohorts comprising nearly 5000 patients, including the U.S. ProSpA study [10 & ]. Individual studies reported overall specificities ranging from 62 to 95%, with the pooled specificity of 87%. Specificities for the imaging arm (AEclinical arm) ranged from 74 to 99% and for the clinical arm (AEimaging arm) ranged from 71 to 97% for the individual studies. The pooled specificity was maintained across groups that fulfilled the imaging or clinical arms, irrespective of fulfilment of the other arm (range: 87-97%). Taken together, studies on the performance of the ASAS axial SpA criteria demonstrate overall good specificity, which is critical to identification of the intended population for study.
CONCERNS REGARDING THE ASSESSMENT OF SPONDYLOARTHRITIS INTERNATIONAL SOCIETY AXIAL SPONDYLOARTHRITIS CLASSIFICATION CRITERIA
Despite the good performance of these criteria as noted above, there is variability in how the criteria perform across different populations -especially in unselected chronic low back pain populations where the pretest probability of axSpA is lowand within other subgroups.
In October 2013, the FDA rejected the application by two TNFi (certolizumab and adalimumab) for the treatment of nr-axSpA. Among many other reasons, the FDA's concern about the specificity of the ASAS axSpA classification criteria when erroneously used for diagnostic purposes. Although four TNFi have been approved in the European Union to treat nr-axSpA, none have garnered FDA's approval in the United States. These issues continue to be debated, and we highlight the concerns raised about these criteria below, related to subgroups identified by the criteria, the issues around specificity of the MRI sacroiliitis definition, and the lack of weights given to SpA features.
Lack of homogeneity between the clinical and imaging arms of the Assessment of Spondyloarthritis International Society criteria
Studies indicate that important differences exist in the clinical characteristics of patients fulfilling the clinical and imaging arms, and their prognosis regarding disease progression. The clinical arm, which spans the spectrum of those who duly fulfill the imaging requirements all the way to those with normal imaging, has reduced specificity relative to the imaging arm (83 vs. 97%, respectively) [11] . Studies showed that subjects fulfilling the clinical arm were less likely to be male (42 vs. 59%, P < 0.05) and had lower mean C-reactive protein (CRP; 5.2 vs. 11.6, P < 0.05), two factors associated with lower radiographic progression to axial spondyloarthritis [12, 13] . HLA-B27 positivity is 100% in the clinical arm (by definition), and lower in the imaging arm [12, 13] . The proportion of subjects with nr-axSpA fulfilling each of the arms is not consistently reported, but would be important to consider in future work.
Clinicians' reliance on MRI results and reduced MRI specificity in typical chronic back pain populations MRI is the imaging modality of choice for axSpA, and has allowed identification of early disease where x-ray changes are minimal or absent. Both structural and inflammatory abnormalities may be present in/around the SI joints in axSpA. The current ASAS definition of MRI sacroiliitis is a single bone marrow edema lesion in the SI joint on two consecutive slices, or more than one bone marrow edema lesions on a single slice [14, 15] . However, concern exists regarding this definition, as degenerative changes in the SI joints can also lead to similar bone marrow edema lesions, and they can be found in normal healthy individuals too [16] . The clinicians' reliance on MRI results influenced the ASAS criteria development process, in that expert diagnosis changed in 21% of paper cases when MRI results were added [3] . This influence of MRI results was also demonstrated in the ProSpA study, in which the majority of patients diagnosed with axSpA fulfilled the imaging arm, whereas those not diagnosed with axSpA more commonly fulfilled the clinical arm [9] . In addition, the reported high specificity of the imaging arm (97%) warrants closer consideration in populations different than the ASAS cohort, which had an axSpA prevalence of 60% [4] . The expected estimate for axSpA prevalence among unselected young adults with chronic back pain would be 5% [17] , and in this setting the misclassification of patients as axSpA would outweigh the correct classification [18 & ]. Indeed, this is suggested by a study in young adults with chronic low back pain onset prior to age 45, in which MRI 'sacroiliitis' was present in 21%, but expected to be much less common [19] . Taken together, these findings illustrate a need to re-evaluate the role of MRI features in classification of axSpA, and the definition of 'positive MRI'.
Inability to weigh clinical features
Although the ASAS criteria require at least one or two clinical features of SpA (the imaging and clinical arms, respectively), each of the clinical features carries the same weight in the current ASAS criteria. For example, an HLA-B27 positive patient with inflammatory back pain and elevated CRP has a positive likelihood ratio (LRþ) product of 70, whereas a HLA-B27 positive patient with sacroiliitis on MRI and acute uveitis has an LRþ product of 1314. Current criteria do not distinguish the relatively greater risk of SpA conferred by some features [20] . In addition, the ASAS criteria do not have a mechanism to address correlation between features (e.g. HLA-B27 positivity and positive family history of SpA). Classification criteria for gout and systemic sclerosis have both used methodology to incorporate weighting of disease features, which could be used in classifying axSpA, as outlined later.
POTENTIAL METHODOLOGY FOR IMPROVING THE SPECIFICITY OF THE AXIAL SPONDYLOARTHRITIS CLASSIFICATION CRITERIA
Various processes can be used for improving the specificity of the existing criteria. Here we describe a method similar to those used in development of classification criteria for rheumatoid arthritis, gout and systemic sclerosis [21] [22] [23] [24] [25] .
Item generation and reduction
A list of candidate items that differentiate axSpA from mimicking conditions could be generated from literature review, and patient/expert opinion. The resulting extensive list of candidate items would be reduced through a Delphi exercise and/or nominal group technique and then be tested for their discriminatory capacity for axSpA in a sample from existing North American as well as registries from the rest of the world and cohorts that contain both axSpA and mimicking conditions.
Consensus process to identify factors that impact the probability of axial spondyloarthritis
Rheumatologists with a special interest in axSpA would be asked to contribute paper cases of patients for whom axSpA was in the differential diagnosis. An international axSpA expert panel would review the results of the item generation/reduction process, then rank-order each case from the lowest to highest probability of having axSpA. The item generation/ reduction process and paper cases will form the basis for in-depth discussion to identify key features that positively or negatively impact the probability of axSpA and to develop potential classification criteria sets.
Item weighting
Item weighting may be performed through discretechoice experiments, a process that has been used in development of rheumatoid arthritis, systemic sclerosis, and gout classification criteria [21] [22] [23] [24] [25] .
Paper cases from SpA experts internationally would be purposively sampled to reflect the spectrum of probability that each case could be classified as having axSpA (i.e. early versus established, and radiographic vs. nonradiographic disease). Standard software would be used to develop paired case scenarios that differ in two attributes. The case pairs would be presented to an international panel of axSpA experts, who will select the case from the pair that he/she believes has a higher probability of being classified as having axSpA. Through iterative pairwise choices, the software will assign relative weights to each case attribute.
Defining a threshold for classifying axial spondyloarthritis
The expert panel would consider candidate criteria sets (some incorporating item weighting) relative to the gold-standard axSpA definition of expert opinion. For each criteria set, a cutoff score would be calculated to maximize the sum of specificity and sensitivity. The expert panel will then participate in a threshold identification exercise, which will assess experts' willingness to enroll paper cases into a study (e.g. a phase III trial for a new biologic agent for axSpA with unclear efficacy and safety).
Validation of the final criteria
Using data from existing axSpA registries and cohorts (remainder of the split-sample reserved for this purpose), the sensitivity and specificity of the revised axSpA classification criteria will be assessed. In subsequent studies, performance of the revised criteria will be compared with that of the original ASAS criteria, as well as the ESSG and Amor criteria, and assessed in other populations such as unspecified chronic back pain.
MRI features in axial spondyloarthritis
To further establish the role of specific MRI features that differentiate inflammatory arthritis involving the SI joints from mechanical or other causes of back pain, MRIs will need to be compared among patients presenting with back pain, and whose diagnosis is subsequently established though other clinical/ laboratory assessments. This may be conducted in existing cohorts, if such imaging is available, or a new cohort may be assembled in order to address this question.
CONCLUSION
The 2009 ASAS SpA classification criteria marked an important step forward in our understanding of the spectrum of SpA, and our ability to define the clinical spectrum of peripheral and axSpA for studies of novel therapies and patient outcomes. These criteria have succeeded in changing our vocabulary, has expanded our ability to treat axial spondyloarthritis patients early and have been instrumental in garnering European regulatory authority approval for four TNFi to treat nr-axSpA. Nonetheless, opportunities exist to improve these criteria; to reconcile the heterogeneity that exists in populations classified by the clinical and imaging arms, to determine weighting of axSpA features, and to define and refine definitions of MRI-associated sacroiliitis. Herein, we have outlined the arguments on both side of the debate, and also one of the many possible methodologies to improve specificity of the classification criteria. ASAS classification criteria have been a major breakthrough in the field of spondyloarthritis with important implications for research and patient care. A healthy debate about the pros and cons of the existing criteria leading to further modifications can only improve patient care.
